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1.0 INTRODUCTION

The VHF localizer has existed in general operational use for well over
three decades, as part of the ILS, to provide horizontal guidance for
aircraft approaches to airports. The localizer generates a more or less
directional tone modulated radiation pattern centered about a runway
centerline extended to produce proportional left or right instrument
deviation indications in an airborne receiver depending on the aircraft
location within the localizer course sector and full scale deviating
indication (called clearance) elsewhere within the localizer signal
coverage. All localizers in general conform to the International Standards
and Recommended Practices of ICAO Annex 10.

Since its original inception many improvements have been introduced to
the system along the lines of electronics and antenna developments. The
design and performance characteristics of the radiating antenna array is
of special importance due to the critical necessity for accurate guidance
with decreased visibility and approach minimums. A potential problem is
that at many airports, the radiated signal could be adversely affected
due to reflections from buildings, taxiing aircraft, etc., thus limiting
the accuracy and use of the localizer during low visibility.

This report presents the results of a major development effort for antenna
arrays which overcome weaknesses of existing systems and are suitable for
practically all types of airport sites.

e




2.0 BACKGROUND

For a background of the development effort, it would be well to briefly
summarize some of the difficulties associated with the existing localizer
antenna arrays in operational use by FAA during the Fifties and Sixties,
namely (1) the 39-foot aperture single frequency eight-loop array,

(2) the 117-foot aperture two frequency waveguide (with its eight-loop
array for clearance and backcourse), and (3) the 105-foot, single frequency,
15-element V-Ring array.

All of these arrays were developed at a time when FAA required both a

front and a back course and full scale clearances at all azimuths between
the front and back course sector width limits. Due to increasingly
difficult siting conditions created by normal airport expansion, these
arrays were hard pressed to provide Category II (and in many cases even
Category I) performance. The siting problem was further aggravated by

the introduction of larger and higher performance jet aircraft which re-
quired better localizer beams for operation with their couplers. None

of the existing arrays were designed to take advantage of a newly imple-
mented policy which deleted the requirements for a back course and for
clearances beyond +35° of the front course. Each used individual radiating
elements with little or no directivity. They all suffered from now absolete
and overly sensitive monitor pick-up arrangements resulting in instabili-
ties and susceptibility to weather. The design did not take into account
overflight interference and means of minimizing it. Specific shortcomings
in each array had been noted as follows:

Eight-loop array. Due to its small aperture, its course quality is not
good for Category II or even Category I in many cases. Its clearances
are generally marginal. The array had to be "tailored" to each site
with special screening in many cases resulting in high initial installa-
tion and flight inspection costs.

Wave guide system. Initial production costs for this "brute force" type
of an array as well as the costs for the "tailored" installation and
flight inspection are very high. 1In addition, the wavegquide required

a separate eight-loop array for clearances and the back course.

V-Ring array. The single frequency V-ring array represented a compromise
design with a complex antenna element. 1In spite of its complexity, it
would not meet Category II requirements for course quality and clearance
at many sites. It has been susceptible to severe monitor problems and
suffers from the effects of mutual inductance coupling. It requires
precise on-site tuning for each frequency.

Contract DOT-FA70WA-2253 was awarded on October 27, 1969, to Andrew Alford
Consulting Engineers, Winchester, Massachusetts, for a theoretical design
study and the development, fabrication and test of three new state-of-
the-art types of localizer antenna arrays which would meet the latest
operational requirements and overcome the deficiencies described above.




Some of the major provisons of the contract requirements included per-
formance in accordance with the ICAO requirements, accommodation of
the antenna arrays to any typical type of siting environment, more
directive antenna elements with built-in individual monitor probes,
reduced antenna element to element mutual coupling, no antenna adjust-
ments over the frequency band, add-on capability to a given array to
achieve improved performance, and maximum time delay of one second as
allowance for interference caused by overflying aircraft. For the
more difficult sites, the two-frequency concept was re-introduced.

This development has essentially met or exceeded all the original
engineering requirements. The result has been a common traveling wave
antenna element and five basic antenna arrays or combinations of arrays
assembled from the common element, namely (1) the type Cé6-1, a six
element clearance array (2) the type 0, an eight-element single
frequency array (3) type 1A, a l4-element single frequency array (4)
type 1B consisting of a l4-element directional array used with the six-
element separate frequency type C6-1 clearance array and (5) type II,
consisting of a 22-element directional array and used with the eight-
element separate frequency type O clearance array.

The most economical selection of an array obviously requires considera-
tion of the siting conditions as well as the performance Category (I,

II or III) that is to be established for the localizer for a given site.
A special study was performed by the Contractor to establish selection
guidelines. This effort resulted in Report No. FAA-RD-75-64 "A Guide

for the Selection of Antenna Characteristics for Single Frequency and
Two Frequency Localizers in the Presence of Reflecting Structures."

This report is considered an invaluable aid to the installation engineer.




3.0 DETAILED TECHNICAL DESCRIPTION

3.1 Antenna element. All five antenna arrays developed by Andrew Alford
Consulting Engineers are made up from the same basic element, namely

the traveling wave loop antenna, also called the 0 element or, by the
Alford designation, Type 4770 element. See Figures 1 through 3.

The traveling wave loop antenna element consists of 15 radiating and
partially overlapping rings, spaced 12.75 inches apart at the point of
attachment and slanted across an open common balanced transmission line
consisting of two bars terminated by a resistive load. The sending and
receivingends of the balanced transmission line are provided with baluns
for conversion to unbalanced input and output terminations respectively.
The output balun is terminated in a 50 ohm impedance. The spacing
between the rings was chosen to produce a very low value of radiation
along the back course when the element is properly terminated. The
directional characteristics of radiation pattern can be seen from Figures
5, 6 and 7. 1t can be seen from these drawings that the radiation from
the antenna is essentially unidirectional and that it consists of a
single major lobe. The mutual inductance characteristics between
adjacent antenna elements is excellent and is at least =~34db at the
minimum spacings used between elements in an array. The element which is
18 feet long (about 2A) is typically mounted at a height of not over 2/3 A
(approximately 72 inches) above ground and presents a relatively low
profile andyet produces a low angle vertically directive radiation
pattern.

' Other electrical characteristics include the following. The overall

i element input impedance is 50 ohms. The element will handle a power

' input of up to 75 watts. The transmitting frequency capability is from

; 108 to 112 MHz without any antenna adjustments. The input VSWR is less
than 1.!:1 over this band. The polarization is horizontal with the

| vertical component at least ~26 db from the horizontal. The front to

[ back ratio is 26 db+. The performance of the antenna element is not

l seriously degraded from icing; however, to insure no degradation of the

: performance and for protection of the elements, these are usually

f enclosed in a radome as shown in Figure 1. To monitor the power level

radiated from an element, the power existing at the output termination

of the ddement may be sampled. Samplings from each element in an entire

antenna array are combined to provide an analog monitor for the entire

array, as will be shown later under the discussion of monitoring of the

array.

3.2 Antenna Arrays. As mentioned already, there are several antenna
arrays. These are all made up from the same basic element. The arrays
have been designed in such a way that regardless of the number of
elements, the spacing of the two center elements arc identical (i.c.,
.6A between each other or each .3\ from the middle of the array, at 114
MHz) and the spacing between all additional elements is also identical,




namely .75A at 110 MHz. 1In all cases an even number of elements is
utilized which helps the mutual coupling problem. No spacing adjust-
ment 1is required for a frequency change within the band. However, each
type of array requires its own power distribution scheme. Figures 10
and 11 show two types of input power distribution networks.

Five distinct arrays have been developed:

(1) 6 elements 32-foot aperture, provides clearance radiation on
a separate frequency for the 1B array (Type C6-1)

(2) 8 elements 45-foot aperture, provides clearance radiation on
a separate frequency for the Type 11 array, or may
be used alone as a self clearing array (Type O)

(3) 14 elements 83-foot aperture used as a self clearing single
frequency localizer antenna (Type 1A)

(4) 14 elements 83-foot aperture, directional array (Type 1B) on
one frequency, used together with Type C6-~1 for
clearance

(5) 22 elements 140-foot aperture directional array (Type II) on

frequency used together with Type O for clearance

Table I displays antenna element spacings for each array. Tables II and
II1 list the nominal current amplitudes and phase of the currents applied
to each antenna element of each array.




TABLE I

Antenna Spacings in Wavelengths from Center of Array

-1 0 1B I
Element Number
1L and 1R .3 .3 .3 .3 .3 .
2L and 2R 1.05 1.05 1.05 1.05 1.05
3L and 3R 1.8 1.8 1.8 1.8 1.8
4L and 4R N/A 2.55 2.55 2.55 2.55
SL and 5R N/A 3.3 3.3 3.3
6L and 6R 4.05 4.05 4.05
7L and 7R 4.8 4.8 4.8
8L and 8R N/A N/A 5.55
9L and 9R 6.3 !
10L and 10R 7.05 f
11L and 11R 7.8 ?
Note 1: The "L" and "R" suffixes to the element numbers designate the |

left side and right side of the arrays as seen by an aircraft on approach
or an observer standing in front of or facing the array.

Note 2: The physical locations of the element pairs with respect to
centerline remains constant throughout the localizer frequency band.

The electrical distances will accordingly vary as the operating frequency
differs from 110 MHz.




) N
TABLE II
Antenna Carrier Current Relative Level and Phase
c6-1 0 w1 oI

’ Element Number f
R 1L and 1R 1.000 1.000 1.000 .893 1.000 ?

2L and 2R 0 .363 .394 1.000 .964
3L and 3R .200 .143 .394 .714 .892 ,
4L and 4R N/A .055/180°* ,212 .491 .791 ‘
SL and 5R N/A .212 .263 .669 g
6L and 6R .060 .160 .538 {

7L and 7R .060 .160 .411
8L and 8R N/A N/A .297 g
9L and 9R .206 i:
10L and 10R .140 f
11L and 11R .101 )'

*Everywhere except here, relative phase is 0°.

Note: The "L" and "R" suffixes to the element numbers designate the left
side and right side of the arrays as seen by an aircraft on approach
or an observer standing in front of and facing the array.




TABLE 111X

antenna Sideband Current Distribution Relative lLevel and Phase

ce-) 0 ia 1B bad
Element Number
1L and 1R .900/0°/180°* 1.000 1.000 .222 .057
2L and 2R .300 .890 .759 .667 .169
3L and 3R .0125 .700 .414 1.000 277
41, and 4R N/A .416 .586 1.000 .326
5L and 5R N/A .276 .889 . 387
6L and 6R .379 .555 . 369
7L and TR .138 . 367 .352
8L and 8R N/A .281
9L and 9R .233
10L and 10R .135
11L and 11R : .130

*This phase relationship applies to all values in the table.

o e o e et 0 el g AT et 7



3.3 Antenna Performance. The minimum performance array, Type 0 as des-
cribed herein is self-clearing (i.e., a single frequency rf carrier
provides a course as well as full clearances). It is intended for use
at locations relatively free from reflection interference sources in
the 180° front course azimuth sector of the array. In comparison, the
l4-element, type 1A array, also self clearing, which directs a greater
proportion of the radiated energy along the runway centerline, may be
used at locations having a moderate extent of interfering sources in
front of the array. The radiation patterns of these two arrays are
shown in Figures 8 and 9, respectively.

A graphic comparison among several arrays is presented in Figqure 12
which shows the relative distribution of sideband radiation versus
azimuth of several arrays. Note in particular the relative amplitudes
of the 8-loop array, the l5-element V-Ring Array, the Type 0 and Type
1A array. 1In general, the greater the relative level of off-course
sector radiation the greater the potential is for a reflecting source
at these azimuths to cause a reflected signal to combine with and
deteriorate the signal elsewhere within the coverage including the
course where beambends may be caused. The improvement made possible
by the introduction of the traveling wave antenna arrays, when compared
to the previously existing arrays, is obvious.

Figures 15-20 are presented to show the radiation patterns of the Type
0 array as frequency and course widths are changed from one operating

limit to the other. The Type 1B (which includes the l14-element direc-
tional arrays plus the C6-1 clearance array) will provide Category 11

localizer course quality even at difficult sites and may also be used

for Category III ILS application. A typical radiation and ddm pattern
is shown in Figure 21.

The radiation pattern for the Type II array as shown in Figures 22 and
23 shows the exceptional directional course characteristics of this
array. The Type II array has been proposed as suitable for application
at difficult Category III sites.

To date all the types have been installed and tested, and all, c¢xcept
the Type II array have been put into operational commissioned use.

Each of the five separate arrays described (C6-1, 0, 1A, 1B and II) is
driven by two separate input signals consisting of a modulated carrier
{CS) and a carrier suppressed double sideband signal (S0), through an
input distribution network. This network which is different for ecach
array, distributes each signal to the elements in the relative nominal
current ratios and phase as indicated in Tables II and IIl1. The antenna
input distribution networks are illustrated in Figqures 10 and 11 for

the Type 0 and Type 1A arrays, respectively. The relative ratio between
S and SO determines the course width for a single array (compare, for
example, Fiqures 15 and 16). No backcourse is generated. When two




separate carriers are employed (Type 1B and II), the course radiation
carrier predominates within the course sector and the separate clearance
rf frequency carrier at azimuths beyond the capture points where the two
are equal in amplitude. Any reflections of the clearance energy into the
course sector is discriminated against by the so-called “capture effect"
in the receiver, i.e., the non-proportional discrimination to the weaker
rf signal by the predominant course rf signal. The relative power ratio
of the signals to each array is adjusted to provide an overall acceptable
course width and clearance. On the courseline, the clearance carrier is
nominally 10 dB below the course carrier. Figures 21 and 23 show the
resultant ddm distribution from the dual frequency 1B and II arrays.

TABLE IV summarizes some additional comparison characteristics among the
arrays.

3.4 Monitoring. All the antenna arrays described are provided with integral
monitor pick-up systems which will supply localizer on-course and off-course
status signals for conventional, i.e., typical FAA in-use monitors. The
shortcomings of the monitor systems previously described such as
environmental effects, overflight interference, and time delays have been
elininated by the integral monitor system. The integral monitor system
effectively samples the energy radiated from each element of the antenna
array and recombines these signals to accurately represent far field course,
and course deviation sensitivity or clearance behavior.

The monitor combining networks shown in Figures 10 and 11 are typical

for all the arrays, except, of course, for the number of antenna elements
involved. 1In the system shown in Figure 10, the signals are sensed by
eight dual couplers representing tue terminal loads connected to the
outputs of each of the eight-antenna elements. The coupling loss is about
14 db. A set of one signal from each coupler is taken and fed through
cable lengths chosen to be of equal electrical length between each coupler
and the inputs to a 9-port resistive star combiner, the output port of
which represents the combined rf signal which is fed to an on-course
detector. A set of a second signal from each of the eight couplers is
taken and fed to the inputs of a second 9-port resistive star combiner,
the output port of which produces the combined rf signal which is fed

to the off~course detector. However, in the case of the signals fed to
the star combiner for the off-course detector, their electrical paths are
not equal. In this case, instead, for example starting with the cable
from the extreme left coupler and going to the right, each successive

cable is increased in length Ly an electrical length made equal to 4 Sin
o where d is the distance in electrical degrees at 110 MHz between two

a&jacent antenna elements and 8, is the off-course angle at which the
signal is to be monitored, typically 2° from the course center line. The
value of © remains constant in a given system after it has been chosen.
The combined off-course signal that is produced is essentially the same
signal that wuld be picked up by the off-course dipole in the field at an
angle 8, provided that the dipole were placed far enough from the array to
be effectively located in the "far field," i.e., beyond 2D?/X where D is

10




TABLE 1V

Summary of Characteristics of Traveling Wave Antenna Arrays

Type
Aperture

Separate clearance
aperture

Total No elements

On course aberrations
due to reflection +15°
to 35° compared to
V-Ring array

On course aberrations
due to reflections
beyond +35°

Carrier beam width

SB Lobe widths

SB Lobe peaks

Typical power input
Dir. antenna (watts)

Power input clearance
antenna

Radiation beyond desired

coveraqge sector as
compared to maximum

0

45"

N/A

2X

Unlikely
problem

20°
10°

+8°

N/A

10% @ +40°

little
beyond
+50°

1la

83"

N/A

14

1X

nil

N/A

10% @ +40°

Inttle
beyond
+50°

1l

1B

83!

32!

20

.2-.1X%

nil

7° (dir.)
4.5 (dir.)

+4.5°

(dir)5% @ +11°
nil beyond
+8°

11

140"

X

nil

4° (dik’.)
3° (dir.)

+30

)

{(dir) S o 4

nil beyvond
$q0

L
i
I
]




the width of Lhe array and,\ is the wavelength. For a 100-foot array,
this is approximately 2,200 feet from the array. The arrangement adopted
for the off-course signal combiner approximates the ideal arrangement in
this repect and provides a signal similar to one that would be picked

up in the far field.

3.5 Field tests and implementation. At an early stage of the development

effort two significant field tests were conducted, one at Tulsa, Oklahoma
and the other at Boeing Field International.

The following is an excerpt from Contractor Progress Report No. 22 which
covered field testing at the Tulsa International Airport in August 1971.

"The V-ring generated localizer course serving runway 35R at Tulsa,

Oklahoma is very rough because of the erection of a large hangar for
Boeing 747 Airplanes. Depending upon whether the doors are open or

closed, the course bends vary between 45 and 60 microamperes.

The recently completed tests at Tulsa were undertaken to determine whether
a CAT Il localier course could be obtained with a two-frequency system
consisting of a fourteen element traveling wave course array (FAA 1B)
together with an eight element (FAA Type 0) array as a clearance array,

or a six element C6-1 Clearance Array.

Several combinations were tried. Every combination after some adjustment
of input powers, resulted in a CAT III performance. The arrangement
recommended as the result of the test consists of the fourteen element
course array (FAA Type 1B) placed at 580' from the runway and a six
element clearance array C6-1 placed 780' from the runway."

The field tests at Boeing Field International were conducted a year later
and included testing of all the newly developed antenna arrays. The
Boeing field was considered a difficult site for localizer installations
as the existing localizer waveguide installation only yielded Category

I course quality performance. It was found that the Type 2 (actually
the same as Type 11 as described in this report) would provide Category
ITT course quality. The Boeing tests served to demonstrate the

relative performance capability of all the traveling wave antennas and
the existing wavequide and eight loop arrays. A major excerpt of the
Contractor's progress report for this phase of his development effort
has been 1ncluded as an Appendix to this report.

To date some 130 each type 1B systems built by Texas Instruments Inc.
for the USAF and FAA have been or are scheduled for installation.

More recent development efforts by Andrew Alford Consulting Englneers
nnder a subsequent contract have resulted in a single combined both
course and clearance array with performance comparable to type 1B.
Additionally, special monitor arrangements inciuding antenna misalignment
detectors and rf cable deterioration detectors have also been developed
and field tested under this contract. A separate report is anticipated
on these developments,
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Surary of Tost hecults

restlts o (he recently conducted tests of the type 2 lecaliver

veoway 13 ot Focing Field lnternational show that:
Course otrie ture of CAT IT1 quality wos cbiained.
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TYPL 2 LOCALIVET SUUy VST AT BOUTNG TIRLD INTERVNATIONAL ATHIOHT
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The tects ave olioved Lo hawe Leen successful and have provided
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spacing beiween the course array and the clearance array vas

approximately 70 feot, This conlition is showm by a dashe

Iine ou Dwg. AR32 L0075,
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The rane Ttter u -d for the teots wae the BED faoilivy tee 0 Ty,

Por tur ro v jart, all of the f1!

it tests on the deve loprmental .o,

Choadat e wadn, transe itter Mol 1. Tests made on the 1071

[

fari:lor ver2 vie esing both tranLuitiern,  The prroontas of
wadul ot i, 0 deterained Ly pericedic checke througnout the

<
o

Lot s eriod, v maintalned Lotveen 13070 to 2005

The BEL facility was put backh on the alp every dns following

cur i, ot onh chs. o Commection to the BYI fu ility wos rode through

a Junctlon hox locuted near the eipht leep array and a ceocond

at s ter s ane o tehia ooy JIvid Loiace U Lo
1 N K . § H PR T TR R - . P . . 1
to the d-nT g level, feor i Aevsloirental aryays was ool

for und toppdict by AACE Lo that no transmitier chang. s o
tranond tter oo juntients were rouired.

D. BUT Cool Wiomed Fagility Conidleravions

The commicuicn d Jocaelliorr faciiity av tewlng Fleld Tuter-
Dat lona!l conoon el oWy TAA vyt e comnrre ey wnd an

8 loop 1o i array. The cgprosirate poos iy leal retaic Ll

wveo,oand the punway 130 Do ctoun

I by Lot RN S sl Thgat o g the cony BRI
(ENERED GRS oot gy inout power e the clearinoe vy

o B0 vt o N 0 o o owidun Do Lt Tivy i e g
L AR E T T AT S s L e L S P S S

Tl , et il io 0 vy rento ot Inu e to fat o of the it ooy .

The fac "tity Lo e of 1600 was further restriated inoure to
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servicae each Jduy Jollowing the terts of the devel
1t had heen provion 1 chuerved during the t

Harpiobhur g

g that esoontiaily o

sult~d when the oo O array was rounted approni
front of the UAA wavep.a! arr.y. 1In tho
Lowever, tha ty; ° g the tl
test proprat, . Tl 130

the waveguide corav. & compariton of  the

o
I
M
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=
[N

and a cemparison of low a pronch data with

in front of the wavogpuide did net dud

array

{epenco. See data for ror 5, and
3

runs 3, 4, 11, 13, M4, 10 o 14 frem

As a reiult of comparroon of the nmeacured data oltalned with anid
withoye the type 2 locallcor in frent of o BYI localiver, it wo: '
the cprinion of WE-T770 and of the erein-ors frooc the TaA onld
AACEH, that ro significant dreradation ol quility to the BUD Facliliioy
had cocury o l. Tie 0T 1was, therefere, rut 12k nto
nors el corsc o caring all oy ordcon when th 3o e R RS AR ARSI UKD S
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Fer all te-t o o T earat Tae, 6 NM clearance orbits were floun
at 1400 7 obow UL Toroaowlndimus 235% soctor {rom the front couvne,
A s Ly oot 0 ate o thene clearance orlitn are piven In
Tal e 10, The el clcarancs, coasured withiin the #35° wao 200

witi the Iype 14 crray. This array, howaver, s denivn.d tc titart

-

cultiaz oof cluse . 359 5o that an erver in argle of 2
could o the J'{ crence botweern ndicated cle . ranc of 200 o

at 35¢ in oone case to poraans as bich o at 330 wa in another cave.

Proviose, tilpht data tol-n on the uype 1A array at

the iy o 0 off In the clearanse: quite clearly.  The dato Sre-
RAVES slior Clecvarces an higl as 225 sea at both 4750 apd -3L©

on ti Saner orbit,

1t woeo found during Jhe reduction of the site west data *hat

in conr casoo the warks Jwlicat ng 110% or 235° were not a

withh 1l craniover point. Tt was also obzerved that on consccutive
runs or successive runs of esuscntially the sane
test thot the clearancsn al the indicated angles did not alwavs a, ree.

This ' noweeon hae Loen obierved on a number of provicus tost 1

It would oy g if o fudien tail wind or an ineresse in aircratt
gspeed canse b the airveraft to traverse one portion of the sector fuuter
than ;nuTL~P vl pirtion of the sector.  This effect would @b the
anglooreorine ooon the recordings leok un yunetricil.,  Another yonsit o
caus < iu sloveens ol the AC civcuit.  In other cases, small crror.
have ocowered dn the carbine on the rocording of the anysles from the

courue bueaw e ground poings were used.  In reducing the data, cone
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The usable di- tance duta recoured at Foering Field i+ prosented

in Jalle ITD and Tabl» 1Ve  Dara for both receiver. is given. The

flay currents gre piven in Table 1. Minivun flap current. are given

in 1able I. The mindoun flag envrent dn G611 teses was 310 micro-anpe

The data presented in Tables 111 and IV shew, that usable distance

was cchi vel at Te dnp Field ror all test confipwrations, 14 i;

also clear fromw the data, that Gt Jeast at Foeing tield, bocu
the Lilla locuted on loth sides of the runwav, thet lnput poucres

of 2.8 to 3.0 watts at the 8 elercut or O clenent clearanc: arrays
resulis in acceptal e cignal strenpth levels at the test altitude of

1500 {1, above MSIL.

The AGC voltage:n given in Tello 1@ show that the radisticn
pattorne are reacscnably symmetrical. The lach of ynuciry indicaied
by the avta given in Vable IV is due to the o<hadow of bBille in tie

dirceceticn of 107 on the 30 An gide of the cou. .e. “hele Bili, Yo .-

approxinaely 3 10 frus the lovaliner are apprrsis v,y 27°

«
‘

ANSL. At 18 I, the airvceraft would ke below the 1ine sight at 1400

ft. ¥ The reduction of signal in the dirvection of 109/90 ~ ot

18 1M cormpoared to the @ignal in the dJdirection of 109/150 ~ (also

at 1t ) dg approuirately © oto 10 db. The elovation of the tervain
along the 12°/100 vadial is velatively low. A portion of this hilly

arca 1o zhown on Dwp. A332-L0104.

e,

It will be obloevved trom the daty piven in Tables TIT aud TV thi*

when the AGC voltape Jevels excoed tho o corresponding te approxirats

100 micraovelts or 5o, the aprcemont bhotwean the (Wo roceive 1o
nol gonts Por A0 Tevedl et alout S o wicrovolls and 100 1 Sorovol
the agroesont in fair. The calibratien curve: for the aireraft rocoi

uced dur o the site tent are Lhown on Dwp. A332-5021.  Receiver b

PR

for runs 1 thea 30 was Torial No. 104, Peceiver No. 1 for rups 37
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As a rofercn o, 1he criteria for specific course quality ot sari
required Lo othe YAA 1 sdven o fooendiv A
In the evatuaitio of the voevoured conur o Lot data, it woe found,

over the povicl ool i

Taonurbor of U to werld looi very e

othor teo o bowov ry uwoin che o

data woulld Tzok 1 e Laore was ao

d, zluot il ocenter s
et ol vt i, U el

Tived ertmel ol thie courcoe of

the order of .0 to 6.0 000« The rvasen for the clserved off - U on

come runs and not

arc euasily cerrected by adjusirient o

on othrr . 1o not kacen. TIF e of thewe roginitul

the nolul »ion Lalance.
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enly a v o0 enuive oot of the runc is precentod nothic rejart.
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I. Ceu: - ondd fnete iy = Beain~ Piold International

In preparaticn fov the Site tests at Recing Field, an iaiiial
pre-test vite analy: Do wal malde to detornine what 2ot of pertoaranoe
might be exparteld vl the tyie 2 Iocalizer.,  We wanted to hnow 1.)
can tho ccurse quallice Lo dncroved e the cource cualitw b
provided bty the ~ra ot owaveruilds fncellite precently in ouce, and

2.) if wo

i ose the cour e quality, by how much could e

impreve Itoond 30) oo 1l v explain o oa reasonalic depree of contalr

Ve
a fe alny
why the pooont fucitioy jrovides the course quality that it dooo.

In additicn, we wore alio courerned with the lovel of clearanses that we

mizht e oot an well ooowhat dnput powess micht be pequivred in - lep
. 13 t

& tday

to achivy  uneddle distanes at this site.  Jlnce clearancen ;i ctor

Nowere chisereed i

WAL

previatn, £Pipht test with the type C%o1 cloarance array, wo 4070 n3
anticipate any Jdifficalty with the clesrances. Also, since the Liilns

around th .ite would dictate the requir:d input pewer, the rrimiary conoorn

centercd on the cource guality that would be achiceved.

i

In analyeiny the site, we belicved that the refl et ons o courwe ;
vould cum~ from conentially three styuevurcs.  These threo scoructurco,
labeled A, B, and C vre shown (in to; view) eon Dwg. A332-7017. Cther

structures leccated on the Flelld) or close to it, werse coar iderid to be
elther too matl er to Lo turted in such a way thit reflocted Do s

from then vould 1ot g doin cn the port of tie: courte wiv 1

reosult in objectionatle benl

Ctructur e A Qo the Al West b . The peflecting cumface
tivis han, o ds appraxisately 2230 foos wide and
feet hiphe The reflocting carfaee concicts of ten partiaily overvlagin:

metal degrne The setl b aljoont botweon dor suriaces o oapproa. 1S e

A-21,




Structur:r B is ene of the Bociug Coumpany bulidings. This rtrastur. !

~e———s v

is approxinirely 300 t:et wide and approninately 30 o 40 fcet i, J

Las

Structure C is the loning Plight Conteor. This stro ture io

| approxkim:tely 740 to BIC feet leng wnl oo, rominately 119 fecy bl

The reileciing curface concists of 13 netal deorn.  fach oo

approxinatly 69 feat will,  The closed deor arrancercnt 1s such
that the cxicricr surfa.2s of all the doors lie in the savre w

eyt ]
VeI a Gl

plene. /

Frow o prolininary cvzluition of the effect of each of the thy o

e
principal roilectin: sourcou, it is telieved that Lecaur. 41l <hece 2
of thesc srruitures are e:czuiially parallel to the rumcas but ar - E
lecated at theoe preoidy Glffcrent diotances down thoe ranay, Tt

Miovinet arcon of couros Lond be expecved, Tt was Jon ol irc

cine caleulationa that "ndra! this §0 ayrroxitatoly what onould oo e

Euildsng € 13 locates at abe
as ceen frem Lhe Losqalizer. It
little effect ot disuaices logs tnan al tut +00L0 £,
threshold, i Wding o 1ociced at an anyle of ¢.37 o ne
locallicer my e reopocted we coniribuly -t 1o the coo.o
between approxinately +1009 Joot and 40060 Lot fyom the shol'. 5 o0
ing £ could Lo copocted to eccount for the cours. Lond. o.ourr s

Betwoen approni-oto by <2000 70 cu dmen the pwnay to oo cinately

13500 fo

)
[ad

In our preliminary cotloate, we attonpiod to avce . L for tho

[

ccurse Lends jrodiend o) condn o wevopulle/

facility prosontly in uwe. o oo nlristure run or the oo el




facllity flight of Ootober 1972, The maximum course bends wvere

found Lo Yo gppresivoately 10 ricrovaperes. Later measureronts have
L t

shewn thae thl. von approxinately correct.  In

array oaloiie,

ctructise ran ohow 1 the effect of the epht o

. . ok R
From the dota fop the eight elencat array alonc, ihe cour.o bruds

- 4 ER R .. . - Y
wore foila 1o L o) rex

v oe
Later

H
[
ot
[t}
Fa
~
ot
[
"
[o]
o
“
3
4]
'
)
.

-~
1

he naxizam couree

[

have alos o hown that this was correct as wel

bendn for Loth ruts cocurred boetwesn 0 feet and +2207 feot from the

throcholic The plus siza 1s used to Inlicate distunces reasured rr

the throiboll in the divection away irwm the localiver.

Building & appecr- ) to be a wort likely zource of the bends,
betwesn O ool #2000 feet. A caleulation of the masimum a1l culc
of th> cour 2 tends due to buildin: & avsuming it to Le &0 £ hi;

pgarve 17.2 nicroamper © fo» the unlt locializer, A ¢ozeni caleuelation

of hends trir. Buildiug A alro based on unit locali.er, 'u’ assunil: -
a 60 ft. hiyut, indicuated masmimum course tends of approsxirutely

6.0 micrz.uperes.  What this meant is that in order to account fov
the obervad 110 nicroampores obtained with the 8 losy vy .y alone
thee moynaticod sidbanl disferonee of the 8 doop arr.s would have te
e Lotweon T8 Lo 13070 For the 420 peg ooered cour o width, the mooolrum )

theor tics) value of the noarvallzed cidebad Ditor nes (000 for o

8 loop arr v ic only 2.5, flternatively, 38 the cow e vidtn of !
|
the 8 2o v we vy shiarp . then o Do WL wetl? vl
cloe o o St th e igoa curge sourae of rofloctoon whidh
vt o not o on th dnatne, ot heond. In any overt ) we conld nolyat
, Theo ti y et oot ey v L occare bonld cliorvel with o tie
N AR NI [ T S RIS T T I S N G Adotai el andlye i
Uasid the o lilelona dnfosoation was o patter b,




Siuce  the VL of the 1yre D courte array for a 47 cource widtih

below .02 {u a1 ppeacer than

the expeotold iove? of the ccourae Lenln, et

that the ty; -1 clearons array wouls reo
arprres. 1o theen A0 juct the Dnoat posr
cartur rat s of Lo oda, wo ocould o Lot
approxinats I v Fo o lorol . s w0 Gaio voald
rent in cour ooquallty wonll oo fattes of

From tir+ tests, it was found that e owe

estimate and in oup _uss

1. The courae qual iy was improvel by

2. The aialy. 2o of the coupce Lono UL

sourcee of i FEEE AN

hill, ol oot N
It was b1 vl that 3L s amalyoed all
differont areay et Dy huowinz the 0N 'a,
be slown to e cotueen the 0Ly dn :
gsourcr. and the oo ursd oo e renans Tooae
Becaure G ssoured coar 0 .
wopre indced f1l0 rd : v

widih, it war 1 ilevoed that the oidelind jus
as the publichy U oolocret!s o0 pattern. o b
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Correct aucwipliol.  brom the neasured pattern data, we were semewhat

surpriced to finl thiat the maxirem USD in the direction ¢f 10° from

courso Loyears to boe glaut B04. The accuracy of the 80
Lo , ‘6 sonewhat in deubt. To partially chock the

- 1 +

rra Wzed pattern ata, a comqari:on was made botuscen the roasured
H 3 A

cLorrved on onoso Ll Meloarance erbit' ar & N oand 3000 fr. elovation

on oxnz hand, and th= calculated D1 from the meacured patiterns on the
otber hand.  Dwg. A33:-5033 chowz this comparison. It can le cecn

that the Grreemont between the calculated and measured DY datae is pFood.
Thi~ agrocment lead: us to believe that the course width value of

abcutl 4.L°% ig probualily corrcot.  Since a course width of 4.6° would

be dncon Istent withy NI of Wb at 109, it may be assuned thar NED

value of b.h ic doubrful.

In crder to drtermine the relative level of course eondn to
Lo expocted from cach of the princlipal ooflecilins cources, we huave
censtructed a table of NSD's for cach array with an NSD value listed,
based on the measured cowrse widths, in cach of the directiczns of tho
reflecting souprccs, "A",; "B, and "C". Therse directions as measured

from the localic r are aprroxim.tely 5.6°, €.3% and 8.0°, In a2liti.n

[SRORTIN iy

for use later in (Lis analysic. the waximuan 10D': 4t or oround 2C°

30°, and 40? arc aisoe lizted, e Table VI.

Iy

If the mawxiiun avwplitudes ef the meusur.d course bend  over o

sectiorn of tic

are procrtional to the vilues of the NOT'o -
a number cf diffur nt arravs it a direction of a suspected votled i
objects, thre woid e Streonn ovidence that the supectod aljesy i
the reflooting Clic Uy A ot of the NSD'c of the arrays verous

maximum arplitut., of the cour e bends thould Le a steaiyit line.

A-24




Since there are several distinct greups of course bends at
ditfferent distances from the threohzsld aleng the course, each group

prebably 1oing produced by differvent reflecting oblects, cne has

3
v

to ke sevesal plots taking HSH in the directions of the several

2

. sunpected rorlocting ebjents. Such plots are shewn in Dw

WG .

A332-50Z26, -Ul3Y, and -5040. The data on Lwo. A332-5C3C uhcws

- the woasure

+6200 feet 1o +15,000 feet from the threchiold versus the NGU's in

the direction of 5.€°. Th2 cource bends at ihese diztancos ceen
to be fully accounted for by reflection from Fulilding C alone located

approximate

5.€87 as geen frem the localizer. The apraement
between the o) ccted result hased on the projeortionality of N3L's

“wDe S

clitudes as measured Is geod except for cone

(o9

and course ben

slight doviatien In the cace of the CE-1 and the 8 locp arr:

*

Dwg. A332-L730 (lows the same type of comparicen for the wourse

O

bends at distance: between -2000 #t. and 0 fu.from tne throzncld.
For this range of distances, the course bonds szem to he due almest

completely to Builliing A. Fuildir

£ A 1¢ located at an angle of 8.0°
from the localizer. The aprecment between tha theory cnd the
mesurcd Jat., cucept for tne 8 loeop array, iz owvery good. Two.
A332-5040 agpain Lhioes thh game type of corparison, as rhown on Twoo.
A232-05028 and ~0027%, rut for themcasuraed maxirum cource Lend

HES LMY

at dictances betyien U feot and #2900 ft. from the thre-Lal i, Winilc

the course bonds oouryin, at dictaucaes Letwean 0 {eet and 43000 {oo

\
w'
l
.
]

from the thoes Told G conr from both reflecting cources A ~nd D
the preato © cour - ondds coonr ol to the torehsids Thisr weulld

appear to Lo opro el nore by veflectaing comroe A than by oreflecting




source B. The NSDMMs shown on Dwp. A%32-5040 are  these in e directicn
of 8.0° {rom the localiver. The 10D values plotted on Dwes. AZX2-5030
=-5039, and -S040 were takeu from A Cuide for the Celection of Antenn:

Characteristics for Single Freqguency and Two Frejuency locua:

the Prescace of Reflecting Structwres,” and adjusied fer the mogowe 2

cource width.

It is noted in connection with Duwyp. A332-Y0H0 that agalr ¢ reasonntlv

good lincar reiationship exists Letween LSD and course bends for all of
the arrays except feor the type C6-1 and the 3 lecop array; the agreanmeht,

however, obtained with the 8 locp array is particularly pcor.

It is suggested by the data shcown on [hwg. A332-5040 that an aedditlicn ol
reflecting vource, othor than objezts A, B and € muct b2 precent,.  Llnco

there is also some disagreement fer the Type CC-1 array, as we

8-loop array, and further, since the sideband pattern of the -1 array
is relatively wide, one should leeck ocut Leyond, cay 20°, for the alilil il

reflection source. -

From the course bend recordinz for the 8 lecop array, Dw

Q’)'
we can determine tha approximate direction of th reflecting ccurce by

measuring the distantces between successive maxima of the courc: Lenii,

The approximate direction of veflecting source 1s given by the
relationchip )\L/// _ / where:
>\F / ~C05 &

wavelength at the test frequrncy.

AF |
&

[
8]

the distance between succe

e
w

is the angle moasured Dachwards from 3 polintl on Cour oo wWhory Ui
course bLends are beiny cobrnerved. We tare the ontinated conter o the

group of the coursn Lends In juesction,
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Perterning the indicvated

atizal operation, using an average

spacing Letween the cource bend naxina (appronimitely 000 Ziet)

centered avound a point apprexi

\
‘
[
3
C
(]
<
“h
~
e
Y3
O
3
ot
=
3
(1}
25
G
[o%
M
kol
e

find thut the alditional reflecting cource sheuld Lo in a direction

of apprexinitely W09 from the runvay centerline oo teasured fion,

the point lcocuchate] at 44500 feet from the threoolLeld., The 2ire2ticn
of the source is shown Ly th. "direcction arrow' cun Dirg. AZR02-0074,
Even when the direction of the source 1y known, there is still a

preblem to deterning what ihis additicnal source really is.

Tt we ook Luzk fyzv +220 fr. at an angle of 1{¢ on the 120
cycle side, no sisnificaent reflecting source is found. If we look badh

from +800 £t. at 107 on the 290 cycis cide, the direction arrow

right throuph reflecuin, cource A, Ve cannot, L.wover, concluds
that we arve completely in wrror with regard to source A For cne
array aud, at tho sagme tinoe, be correct wi*h reo, a0l Lo soulee A ror

filye or 5ix other

arrave.  We concludc that there nust Yo an aloitional
reflecting scurce beyond scurce A and that this source is closer to

the localizer.

If we lool: for the prebable sources of 1eflectica In the indicated
direction, we fini two candidate sources:

1. An extensive arrar of telegraph wires located approximzt. ly
30 feet above ground and running parallel to the rallread
tracks shown on Teg. A332-5015,

2. A relatively bread sleping hillside rising 70 to 80 feet alove
ihe runway and extending for a distance of approninately 3000 i,
Tue hilloide of futcrest 145 lecated at angles between 207 onl bt

from the localizer. A porticen of this area har buen enclceied by

dashed line and designated as source I'y see Dwp. A332-5000.

A-27
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It may be auswind that the roflection from the telegraph wires 30
feet hiyh would be leus than frem a flat metal wall 30 feet high.
Assuming suh a wall 0090 feet long, we find that the reflecticn from
this will wlen it ic illurinated by an 8-loop array would produce bends
around 2.0 nicroampores, and not 110 microamperes. The telegraph wives,
must, thercefore, be dismissed as a possible candidate. This leaves
only the hillside and a substantial row of trees on the hillside as the

only pcsaible sources.
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J. Vertical rolarizaticn MNeasuroments

Verticul polarization was measured on the Type 0 array, Type 2

System, and the Tvee 1B System.  The measurements were made ou the
inbound porticun of courss structure runs lo's 18, 33, 34, 40, u8, bl,
and €8. !
i
The effcct of the vertical polarization as chown on the recerding .
for the runs given above apjear as a slow change in course direction.
No sudden displacerment of cross pointer indicatien was observed on i
any of the vertical polarization checks. .
“
The maximum value of course shift that was observed for a standard
*20° wing dip was 4. 0ua . This variation was obgservad during tle
‘inbound portion of structure run MNo. 3% on the type G tean,
The porticon ¢f this run choe ne verticul polart: ie
given on Dwo. 4332-5081. Other measurenonts cf the vertical pelari-
zation for the same type 2 localizer, runs lo. 33 and €8, howover,
cshowed a negligible vertical polarization effect.
The maxirum vertical polarization effccet that wan measured
with the type 1B localizer system was %2 gq. The vertical pelariz-iica
effect with ti.» 1B course array alone, run No. 40, wan 1nos than Mpca-
Since these arrays are all ceonstructed from the sare type of alewment,
one would pot cxnoct to find any significant differences in the
vertical polnicaticen effect for differont arrays.
The TAA Cpeoification on vertical poliarizaticn effuct is given
brlow; Unitel Bten Urantur D PlIehe Inere o iern Ml v 1o ‘
8/ /70, 1y, R T I I VPR U TS LIPS SRV
the TOurLe JLn dut Lo vErD gl ol rat ol i L0l wnaid Lot exXeend RSN
for Catepery 1 v LEp o for fatepory 11 facllitien !
p-%9
)
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COURSE BEND CKITERIA

CATTOORY T.

Maxirun variation of course indications frem runway centerline
. <
starting {rom the ILS reference datum® (100 ft. above tireshold)
b

. 3 7
to 3500 ft. {rom threcheld is ilSF(Q. 'rem 3500 fr. to 4 MM, the

maximum veariztion js allowed to increase linearly fram $15 to i30,*q\.

CATEGO:RY 11

Maximum variation of course indicator trom runw<ay centerline
starting frem the ILS reference datum to 3500 £ft. from the threshold
is iSf&Q“ Frem 3500 ft. to 4 HM, the maximum variation is allcwed

to increase linearly fron *S to %30 puq.

CATEGORY ITT.

Category II1 encompasscs Category 1I and in addition provides
that the maximum variaticn of course indicator from the ILS refevence
datun (160') to a peint 20 ft, above the runway and 2000 ft. down

the runway shall also remain within 25744,

“The distance, measured on the ground, hetween the threshold and a peint
lying dircctly undor the ILS reference datum will depend on the location

of the glide slope and the glide slope angle.

>
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TABLE VI - Comparison of the NSD values for each of the tested arrays

in the directions of the principal reflecting sources. Data based
on the theoretical distribution of sideband signal and the measured

course width at Boeing Field International

NSD (NORMALIZED SIDEBAND DIFFERENCE)

Angle From
Front Course Tp 5.6° 6.3° 8.0° 20° 30° u0°
Reflecting Source PICH ’lB” 'YA” Y!D" l'Dll 'lD"

LOCALIZEK Measured -
Course Width

Type C6-1 7.00 1.1 ] 18§ o1ose | 1,43 1.06 0.80
8 Loop* 4.0° 2.0 | 2.1 2.35 | 1.5 1.05 1.3
8 Loop## 4,70 2.8 3,00% | 4.0k | 1.6 1.24 L22%
Type 0 4,20 1.63| 1.8l | 1.90 | 0.46 0.5 0.19
Type 1A 4.30 1.07{ 1.02 | 0.78 | 0.38 0.35 0.05
Type 1B 4,20 0.95| o.86 | 0.57 | .03s/23° | .03s/29° | .021/u2°

(Course Array)

Waveguide L,.0° 0.76 0.52 0.2 .0u5/21° .07/27° ,0uk4/38°
(Course Array)

Type 2 L,1° 0.23 .06 .01 .02/21° .02/29°) .02/u42°
(Course Array)

*Thecretical Data

**From flight data, see Dwg. A332-5032, the 0.22 NSD value at 40° is probably due to
shielding by the hill. This value has no bearing on the value of the NSD control-
}ing the reflection. The values of NSD at 5.6°, 6.3° and 8° are believed to be

in error. These NSD values are taken from the measured SO pattern. The measured

SO pattern, howsver, is questionable because of the difficulty in determining the
correct AGC voltage levels when the high end of the receiver curve, greater than
100, v~ , rises as steeply as is indicated on Dwg. A332-5021 receiver SER 10851,
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